conflicting at times, highlighting the need for additional functional studies in the pediatric patient population. 13, 26 In addition, tb-fMRI has limited use in patients with language barriers secondary to young age, cognitive disability, or altered consciousness such as that from anesthesia or coma. 1, 7, 17, 24 Although some studies have shown the potential for fMRI to lateralize language in infants through an auditory task that involves listening to speech, the reliability of this technique has not been validated against other measures. This difficulty in validation is understandable given an infant's inability to participate in other task-based and cooperation-dependent approaches such as Wada testing. 6, 24 Recently, resting-state fMRI (rs-fMRI) has been employed to lateralize language in healthy adults, healthy children, and adult patients with temporal lobe epilepsy and medically intractable focal epilepsy. 7, 8, 28 To our knowledge, a similar undertaking in children with epilepsy is lacking. rs-fMRI utilizes mathematical techniques to define intrinsic activity in functionally connected language networks via small fluctuations in blood oxygen level-dependent (BOLD) signal throughout the brain. 7, 19 Brain regions showing synchronized oscillations in the low-frequency range (< 0.1 Hz) are thought to be functionally connected as a resting-state network (RSN) . 17 This technique has been shown both to differentiate areas of initial seizure propagation from further downstream epileptogenic foci in children with known ictal onset from hypothalamic hamartoma 4 and to localize epileptogenic zones that correlate with seizure freedom in a large pediatric epilepsy population. 3 In this study, we sought to determine the correlation between rs-fMRI and tb-fMRI in language lateralization in a pediatric population with intractable epilepsy.
Methods

Patient Population
All pediatric epilepsy cases in which rs-fMRI was performed at our institution between April 11, 2012, and August 10, 2016, were retrospectively analyzed. Approval was obtained by the local institutional review board, with the determination that since the rs-fMRI studies were collected as part of a standard preoperative clinical MRI workup, no additional consent procedures were necessary due to minimal risk. Although specific consent for the rsfMRI sequence was not obtained, all patient families were made aware that their children were undergoing rs-fMRI. The de-identified clinical reports for tb-fMRI and rsfMRI were reviewed for those who met the initial exclusion criteria. These exclusion criteria were the following: sedation during fMRI as these patients were less likely to have tb-fMRI performed and age less than 10 years at the time of rs-fMRI as these patients were also likely to have been sedated. Children under the age of 10 years were also excluded because most of these patients had poor ability to cooperate with the required fMRI tasks, making the results of their tb-fMRI unreliable. Overall, 61 patients met the inclusion criteria of nonsedated rs-fMRI over the age of 10 during the study time period. Chart reviews were then conducted on these patients to determine if tb-fMRI was also performed, yielding 29 patients who had both rsfMRI and tb-fMRI studies performed in close temporal proximity.
Data Acquisition
Images were acquired on a 3-T MRI unit (Ingenuity, Philips Medical Systems) equipped with a 32-channel head coil. tb-fMRI parameters included TR 2000 msec, TE 30 msec, matrix size 64 × 64, flip angle 73, number of slices 32, slice thickness 3.75 mm with 1-mm gap, 3.75 × 3.75-mm in-plane resolution, and field of view 24 × 24 × 15.1 cm. rs-fMRI parameters included TR 2000 msec, TE 30 msec, matrix size 80 × 80, flip angle 80, number of slices 46, slice thickness 3.4 mm with no gap, in-plane resolution 3 × 3 mm, and number of total volumes 600 lasting 20 minutes, well exceeding the accepted minimum required for analysis. 5 For anatomical reference, a T1-weighted turbo field echo whole-brain sequence was obtained with the following parameters: TR 9 msec, TE 4 msec, flip angle 8, slice thickness 0.9 mm, and in-plane resolution 0.9 × 0.9 mm.
Experimental Paradigm
Awake tb-fMRI language testing occurred over several 5-minute sequences using the SensaVue system (Invivo). All patients underwent a finger-tapping task to establish the reliability of the exam and language tasks. Standard language paradigms included word listening, verb generation, word generation, and sentence completion. Only English speakers were included in this study as there is currently no standardized protocol in other languages. Details of each task are detailed in Table 1 .
For rs-fMRI, patients were not given specific instructions other than to be still and have their eyes closed.
rs-fMRI Processing
Image analysis performed by Oxford's FSL (FMRIB Software Library) Model-Free FMRI Analysis (multivariate exploratory linear optimized decomposition into independent components, or MELODIC), probabilistic independent component analysis, and standard preprocessing steps were applied: The first 5 volumes were deleted to allow T1 signal saturation, high pass filter 100 sec, interleaved slice time correction, spatial smoothing of 1 mm, and motion corrected by MCFLIRT, 16 with nonbrain structures removed. Maximal head displacement varied between cases from 0.25 to 1 mm.
tb-fMRI Processing
Images were processed using DynaSuite Neuro Software (Invivo Corporation), which involves motion correction, registration of the fMRI data set with T1-weighted MR images, and generalized linear model processing of block paradigm type designs.
Language Lateralization
In tb-fMRI, language laterality was defined for each patient as left significantly greater than right, right significantly greater than left, not obvious (i.e., bilateral/equal), or nondiagnostic, as seen in Fig. 1 . A board-certified pediatric neuroradiologist assessed functional parametric maps at multiple thresholds with no specific p value enforced. Dominance was visually determined by comparing activation in inferior and middle frontal gyri as well as the inferior parietal lobule with activation on the opposite side. In rs-fMRI, laterality was also categorized as above and analyzed by the senior author (V.L.B.), a board-certified pediatric neurologist with dedicated expertise in rs-fMRI, with 7 years of experience, as seen in Fig. 2 .
The results of rs-fMRI independent component analysis were first sorted according to the criteria previously described. 3 RSNs, which included areas of the inferior frontal gyrus, supramarginal gyrus, superior temporal gyrus, and the superior temporal sulcus in either hemisphere were overlapped onto the patient's anatomical image. Lateralization was determined by ranked criteria, as described previously in Boerwinkle et al. in 2017, 3 including primarily the greatest visual spatial extent of the described areas, long-range receptive and expressive language area within a single RSN, and contextual grading of the RSN signal source within all the patient's signal sources. If a signal source was itself significantly overlapping one of these major language areas but was determined to be an epileptogenic zone signal source, according to our previously published criteria, 3 then this signal source was excluded from the determination of language lateralization, as seen in Fig. 2 .
Data for several demographic and baseline clinical variables were collected by chart review. Associations between rs-fMRI and tb-fMRI laterality diagnosis were examined using the Fisher exact test. In addition, the concordance rate in laterality diagnosis between rs-fMRI and tb-fMRI was estimated, and 95% confidence intervals were computed to indicate uncertainty in the data.
Results
During the study period, a total of 38 rs-fMRI studies and 30 tb-fMRI studies were performed. Both rs-fMRI and tb-fMRI were performed in 29 patients. Demographic data are shown in Table 2 , with seizure diagnosis based on etiological classification as reported by Shorvon et al. 23 Findings of rs-fMRI and tb-fMRI are presented in Table   3 . Three rs-fMRI studies were nondiagnostic and required repeating, while two tb-fMRIs were nondiagnostic and required repeating. Some patients had multiple studies performed, which were all included even if the diagnosis was the same in both. Thus, in 29 total patients, 38 rs-fMRI studies and 30 tb-fMRI studies were performed.
tb-fMRI suggested left dominance in 25 of 30 cases (83%), right dominance in 3 (10%), and findings were nondiagnostic in 2 (7%). No patient had bilateral dominance on tb-fMRI. rs-fMRI suggested left dominance in 26 of 38 cases (68%), right dominance in 3 cases (8%), and results were nondiagnostic in 3 cases (8%); interestingly, 6 cases (16%) were found to be bilateral. In 8 patients, rs-fMRI was performed but tb-fMRI was not performed in close enough temporal proximity. Thus, there were 30 total cases in which both rs-fMRI and tb-fMRI were performed in close temporal proximity.
There was a significant association between rs-fMRI and tb-fMRI lateralization diagnoses (p < 0.0001, Fisher exact test). Table 4 presents the concordance of the rsfMRI and tb-fMRI results obtained in the 29 patients. When tb-fMRI lateralized to the left (25 cases), rs-fMRI also lateralized to the left in 23 (92%) and was bilateral/ equal in 2 (8%). When tb-fMRI lateralized to the right (3 cases), rs-fMRI lateralized to the right in all cases (100%). When tb-fMRI was nondiagnostic (2 cases), rs-fMRI lateralized to the left in 1 (50%) and was bilateral/equal in 1 (50%).
After excluding the 2 cases in which tb-fMRI was nondiagnostic, rs-fMRI indicated the same laterality as tb-fMRI in 26 of 28 cases, resulting in an estimated concordance rate of 0.93 (95% CI 0.78-0.98). We noted that the 2 of 28 cases were not discordant for lateralization but, rather, were classified as bilateral/equal by the rs-fMRI (Table 5) . In this study, 22 (76%) patients had 1 rs-fMRI scan, 5 (17%) had 2, and 2 (7%) had 3, as deemed necessary by their clinician according to ongoing clinical changes in the patient. In contrast, 28 (97%) of the 29 patients had a single tb-fMRI scan, and 1 patient (3%) had 2.
On standard anatomical MRI, 6 patients (21%) had mesial temporal sclerosis only, 1 (3%) had mesial temporal sclerosis along with a malacic cavity secondary to a chronic insult, 1 (3%) had malacic cavity due to a chronic insult only, 8 (28%) had focal cortical dysplasia, 6 (21%) had tumors, 1 (3%) had a cavernoma, 4 (14%) had normal findings, and 2 (7%) had stigmata of tuberous sclerosis (tubers and subependymal nodules).
Discussion
In this study, we found an overall concordance rate of 0.93 (95% CI 0.76-0.99) between tb-fMRI and rs-fMRI. Importantly, when tb-fMRI lateralized to a certain hemisphere, rs-fMRI did not lateralize to the contralateral hemisphere in any case. For instance, there were 2 cases (8%) in which tb-fMRI lateralized to the left hemisphere and rsfMRI suggested bilateral or equal dominance, rather than incorrectly lateralizing to the contralateral hemisphere. Incorrect lateralization could potentially give the surgeon a false sense of security when operating near the speech and language area. In our study, 13 of the patients went on to undergo resection, 4 to have a vagal nerve stimulator placed, 5 to have ablation, and 7 to undergo no surgery. In all cases, language lateralization guided surgical management, and none of the patients suffered long-term, surgically induced speech deficit. Neither of the 2 patients with differing fMRI results underwent any surgery.
Intractable epilepsy has numerous long-term consequences that multiply the longer it remains untreated. 12 Therefore, surgical intervention is warranted as early as possible in medically refractory cases. In some instances, this requires operating on very young children, who have not yet cognitively developed language function advanced enough to participate in tb-fMRI, although they possess the ability to do so given no interference from epilepsy or other pathology. Language centers reorganize during development and can also be affected by epilepsy, especially at younger ages. 15, 25 In these cases, rs-fMRI may represent a powerful method of determining language laterality and providing vital preoperative information to the surgeon. Notably, as mentioned above, ongoing clinical changes were more frequently assessed by rs-fMRI than tb-fMRI, given our belief in the reliability of the former at our institution.
A previous study analyzed correlations between rsfMRI and Wada testing in young adult patients (mean age of 27.2 ± 13.1 years [range 10-59 years]) and found a 96% accuracy rate and 96% sensitivity and specificity. 7 In the current study, we examined the agreement between rsfMRI and tb-fMRI to detect language lateralization in the pediatric epilepsy setting in patients older than 10 years of age. Younger patients were not studied but remain an opportunity to better identify language development in this unique population, with numerous cortical and other brain anomalies contributing to their seizure syndrome.
With a 93% concordance for rs-fMRI and tb-fMRI to detect language lateralization, the consistency of the rsfMRI results was high and even remained so when patients underwent repeat scanning. Of those patients who had multiple rs-fMRI studies performed, two had repeat scans because their initial scans were nondiagnostic. Of the remaining 6 such patients, 4 had consistent laterality between exams, while 2 had inconsistent results. However, the inconsistent results never led to the opposite hemisphere being diagnosed as the dominant one; instead, one scan suggested bilateral dominance and another suggested left-sided dominance. Notably, there was one patient who had an rs-fMRI scan in 2013 that suggested left-sided dominance and correlated with tb-fMRI results. In a repeat study 2 years later, the rs-fMRI scans suggested equal dominance. This stands in contrast to the typical natural history in which functional asymmetry, rather than symmetry, develops over time, especially from the end of the 1st year through the 2nd year of life. 9 This present study has some limitations. While patients in this study could be studied with tb-fMRI, the ability of rs-fMRI to accurately predict hemispheric dominance in pediatric epilepsy patients is largely unexplored. Longitudinal analysis may help better determine its accuracy in this setting of older children, although language reorganization does occur over time during development, 9, 15 and therefore, younger patients need to be included in future studies to better understand language network development. In addition, while most rs-fMRI studies were * Other category represents instances when rs-fMRI was performed at a time point during which no tb-fMRI study was acquired in close temporal proximity (or vice versa). If a patient had two rs-fMRI studies, but one tb-fMRI study, the rs-fMRI study obtained closest in time to the tb-fMRI study was categorized according to tb-fMRI lateralization, while the other rs-fMRI scan was placed in the "other" category.
acquired on the same day as the tb-fMRI studies, some were obtained several days to weeks apart. We worked under the assumption that a time span of weeks rather than months would minimize bias. Moreover, the results of the rs-MRI studies were compared to those of the tb-fMRI studies; despite the latter being regarded as a reliable predictor of language laterality, there remains potential for discordance between these results and those obtained by more robust measures. We selected patients only with nonsedated rs-fMRI exams; however, some epilepsy patients require sedation to remain still in an MRI scanner for a prolonged time. 1 Propofol anesthesia may attenuate rs-fMRI BOLD signal in adults, but the full extent of its impact on language lateralization in the pediatric setting is unknown. 1, 17 Future studies are warranted to validate our results. As expected, different tasks during tb-fMRI led to activation of different brain regions, such as Broca's area versus Wernicke's, and can lateralize more or less strongly. These areas can even lateralize to opposite hemispheres. 20, 30 As a result, combining various language paradigms can increase the validity of language lateralization of tb-fMRI. 8, 11 At our institution, 3 tasks-verb generation, word generation, and sentence completion-are typically performed, increasing the robustness of our tb-fMRI results. Despite this, our rs-fMRI results may benefit from more validation studies against more-robust methods such as Wada testing or direct cortical stimulation.
Future directions include analysis of rs-fMRI studies with patients sedated, with the aim of better delineating the effect of sedation on lateralization in pediatric epilepsy patients. Different brain regions can be used in rs-fMRI for language lateralization, such as Broca's and Wernicke's areas. 8 While in our study, we employed activity within the inferior frontal gyrus, supramarginal gyrus, superior temporal gyrus, or the superior temporal sulcus to lateralize hemispheric dominance, future studies on the predictive capability of other brain regions should be performed. While lateralizing language is an important first step, the further localization of language function to specific cortical areas could further guide operative planning. Different pathologies can also affect language lateralization; for instance, lesions such as tumors, vascular malformations, and other congenital malformations can influence adjacent cerebral blood flow and thereby affect BOLD signal, leading to variable fMRI results. 1, 20 It is important that the accuracy of rs-fMRI in different pathologies be assessed, to understand its role in various pediatric epilepsy populations. Future steps may also include applying rs-fMRI for lateralizing memory function, as tb-fMRI has been used in an indirect manner for this purpose in children. 21 
Conclusions
Language lateralization with rs-fMRI was significantly associated with traditional tb-fMRI methods in our pediatric epilepsy population. The high concordance of 93% suggests a role for rs-fMRI in identifying hemispheric dominance. Further investigation and validation studies are warranted to justify using rs-fMRI in conjunction with or in place of standard methods. 
